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igen & BGeadial di ce of the motion of comets. 


i Page I. Arifotie occafioned comets to be negletted. Seneca’s opinion truer, . 

but little regarded. 2. Appian firft obferved comets. Petit’s hypothefis about 

them, and Hooke’s of gravity. 3. Hevelius’s thoughts of a parabola. 4. How 

. | far true. Sir Yaac Newton, applying gravity to comets, firft proved their 
parabolick motion. Comets do not go to other fyftems. 5. In ftricinefs, move 
in extremely long ellipses. Periods of fome of are, and pr oraee caues qs sheir. 
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The way to find a comet's trajectory. 


Page 6. Sir Tfaac Newton and Dr. Gregory demonftrated it. 9. Muft be done 
grofsly at firft. 8. How to chufe the obfervations ; to correéi the orbit. 9. To 
be perfected by calculation. Of the menftrual parallax, fee table \V. and V. Lift 
of the triangles ufed in calculation. 11. Reafons for fome alterations. 12. Sir 
Tfaac Newton's laft correétion omitted. Orbits of the feveral comets how colleéted, 
fee tablel. 13. Which are beft done; that of 1744 proved true. oe. Whence 
the orbits are collected, and caution about inferting the node. . 
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The table of a parabola, and ufes of it. 


oped I 5. Dr. Halley’ s table too foort. Mine on a different plan, fee table IT. 
Demanjtration of. the truth of tt. 16. Examples of calculation. 17. Seni 
“of the table, fee table WI. 18. Diurnal motion of comets, and way to calculate 

» ther places. 19. To change fines and tangents. 20. Examples of calculating 
a comet's place. 21. Some other ufes of the parabolick table, examples are given 

in table VIN. IX. KX. 22. Method*of drawing a comet’s orbit. 23. How to 
confirutt it’s places by it: other ufes of fuch an orbit, and gueffing at a comet’s 
period by it: examples given of the comet of 1682 in table XI. XII. 24. Where’ 

it may be expected to LH fag and how. fom or late it?s next perihelion may be 
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General oo moral reflections on the i i 


- Page 24. The nature and ufes of comets little known. The works of creation 
Seige ables 25. Shew forth the greatnefs of God. -The confideration of the 
- heavenly bodies greatly enlarges our view.’ Comets of different ufes from planets. 
The greatne/s, 26. multitude, and wife difpofal of the works of God, foew the 
fitne/s of submitting to eee impel sit of efcaping him, and folly of not aiaale 

abhi at what be bas revealed. . 


Books printed for J. Whitton and B. White, iz Fleet-Street. 
In Two Volumes, Quarto, Price 1/, ros. neatly bound, 


1. HE Erements of Arcesra. In Ten Books. By Nicuoras — 
SaunDERsoN, LL.D. and F.R.S. To which are prefixed, 
the Life of the Author, and his palpable Arithmetick decyphered. 


Il. Setecr Parts of Profeffor SAuNDERSON’s ALGEBRA. For -— 
the Ufe of Students at the Univerfities. $vo. Price 6s. bound. 


lil. The Metuop of Fruxions applied to a felect Number of 
ufeful Problems. ‘Together with the Demonftration of Mr. Cores’s 
Forms of Fluents; the Analyfis of the Problems in his Schohum 
Generale; and an Explanation of the principal Propofitions of Sir 
Isaac Newron’s Philofophy. By Nicuotas Saunprrson, LL.D, 
and FLR.S. vo. Price 65. with 12 Copper-Plates. 


IV. A Compleat Syftem of Opricks. In Four Books. By RoBERT 
SmiryH, LL.D. F.R.S. and Mafter of Trinity College, Cambridge. 
In 2 Vol. 4to. with a great Number of Copper-Plates, Price 1/. 155. 


V. The Tueory of the Eartu, from its Original to the Con- 
fummation of all Things. Wherein the Creation of the World in 
fix Days, the univerfal Deluge, and the general Conflagration, as laid _ 
down in the holy Scriptures, are fhewn to be perfectly agreeable to 
Reafon and Philofophy. To which is added an Appendix, containing 
a new Theory of the Deluge. By Witt1am Wuiston, M.A, 
- 6th Edit. 8vo. Price 65. with 10 Copper-Plates. 


VI. Mr. Wuiston’s Aftronomical Lectures read in the publick 
Schools at Cambridge. Whereunto is added a Collection of Aftro- 
nomical Tables, by Mr. FLamsTeEpD, Dr. Hattey, Monf, Cassini, 
and Mr. SrreETE. 8vo. corrected, Price 5s. 2d Edit. 


VIT. Mr. Wuiston’s Elements of Euciip; with felect Theorems 
out of ARcHIMEDES, by the learned ANDREW TacqueT. To which 
are added praCtical Corollaries, fhewing the Ufes of many of the 
Propofitions. 6th Edit. 8vo. Price 4s. 64. 2 
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| T HAT bright comet, which was feen in 1744, having and in me 
as well as others a greater curiofity about them; I had once thoughts 

of undertaking a kind of bifiory of comets, which, befide what is given 
a Jhould contain an improvement of Hevelius’s and Lubienietz’s accounts 
of the anctent ones, and a continuation of them to the prefent time. The 
alterations I defigned to make were thefe: Firft, To leave out the aftro- 
logical obfervations, which the old authors, looking on comets chiefly. as 
prodigies, are full of, and Lubientetz’s book is almoft all fo; to quote 
nothing but what relates to the comet itfelf; and in later times, when 
there are many accounts of the fame comet, to infert the principal, and 
perbaps pafs over fome of them which contained nothing new. Secondly, 
Hevelius and Lubientetz take many comets only fecond hand, from 
Rockenbach and other modern writers, but I would as much as poffible 
have quoted the ori ging! authors. Third , Different perfons not ufing 
the fame chronology, bave often made feveral comets of one. Thus the 
Sour Seneca reckons up Nat. Queft. VII. 17. after the death of ‘fulius 
Cafar, under Auguftus, Claudius, and Nero, are in Hevelius increafed 
to thirteen; and the two laft of them, which he calls the two comets 
feen in our time VII. 23. Lubienietz has made eight of. Fourthly, 
Lubienietz fwells his biftory with balls of fire, northern lights, and per- 
haps other meteors: all thefe, as alfo multiplying of real comets, I defigned 
to have avorded where I could. In purfuit of thes defign, I made a lift 
of the comets which had been feen, with references to the authors wha 
mentioned them, fo far as I had then found, leaving room to add more, 
as I met with them; and began to draw up the account of a few of the 
jirft. with the authorities, but found fo little fatisfaction from the very 
imperfect accounts, that perceiving the benefit would not anfwer the 
trouble, I laid the defign afide. Yet having now had by me for feveral 
years a table of the parabola, which fhews the fpace, and diftance front 
the focus at all angles, and will, I think, by it’s length, better anfwer the 
end of calculating a comet’s place, than Dr. Halley's table can, I chofe 
no longer to conceal it: but that it might not feem too imperfect, by being 


_publifbed alone, I have added a fhort account of the sh about ; 
the wee oo 
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table, and method of ufing it, ufo how to confiruét a comet's motion - 
Speedily. In particular I hace given fome account of the’ ufe of Sir 
Laac Newton's famous problem for finding a comet's orbit from three 
obfervations, which till lately few perfons have Judy d; yet feems to 
me a much better method, than that Caille has given in art. 518—560 
of his aftronomy, which he fhews in art. 520, does not anfwer tm all 
cafes, and requiring fo much correction by guefs, muft I think be very 
troublefome. In ftudying this problem of Sir Ifaac's- I almoft got beyond 
my depth; yet by comparing his explication with Dr. Gregory's, and the 
afifiance at firft of Mr. G. Whifian, with a repeated examination fince, 

I hope I have gained a tolerable knowledge of it, and have endeavoured 
to render the procefs as exact, eafy,* and plain as I can. But though 
mathematichs 1s a ference capable of abfolute demonfiration, yet in fo 
complex a problem, efpectally where feveral parts are only approximations, 
the mind of man is frail, and may overlook fome fmall circumftance, 
which may render his reafoning a little defective: fuch at leaft I own. 
my underfianding to be, and the more as living in a retired place, I am 
forced to truft to my own firength. If therefore on tryal I be caught 
cripping, far from taking any friendly admonition amifs, I foall thinks 
myjfelf greatly obliged to’ any one more feilful than myfelf, who will by 
letter or otherwife inform me, either where I have mifiaken, might have 
‘made the method fhorter or eafier, or have omitted san} further ufe or 
improvement ; I fhall not fail on any proper occafion to acknowledge the 
favour, and, if opportunity offers, to make a due ufe of it, ae defirous 
to compleat the affair as far as I can. 


Lyndon, Rutland. 
Sept. 15s 17,50. 


P.S. Mr. Facio, as Dr. Halley mentions, thought of a uf wobied may 
now and then be made of comets; by obferving the parallax of one when 
very near the earth, to find the fun’s parallax, and confequently it’s. . 
diflance, now known only to a fourth part. ~The expected comet will not 
come much nearer the earth than Mars does, if it’s peribelion fhould be 
an Fanuary or July but would be within 13 9000 000 of miles of the . 
earth Ottober 19, with a Sul wunute’s parallax, if its péribelion ts 
November 27; or have 3': parallax May 4, at + 020 000. of miles | 
di a a iM it’s perihelion 1 is March 22% J gph” 
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“4 HOUGH the ancients knew little of the ufe of conick fections, 
* -in’comparifon of what has been difcovered within thefe laft hundred: 
and fifty years, yet they applied’ them felves to the ftudy of their 
properties, and thereby prepared the way for’ the readier applying them to 
the ufes lately found out. If thofe who at that time employed themfelves 
in making aftronomical obfervations, had been as careful in attending to 
the motion of comets, which do not require fuch ‘depth of thought as 
abftrufe mathematical problems; though they knew too little then of the 
principles of motion to have found out their real path, yet probably we 
fhould not have been fo much at a lofs, as we {till are, as to their periods 5 
but, by comparing their motions in different returns, even though the 
_obfervations had been but grofs, might have arrived to a confiderable per- 
fection inthe aftronomy of comets. But as moft of their periods feem to be 
very long, and it is but a little while that their motions have been careful- 
ly watched, it may be fome ages yet, before we.get any great. knowledge 
about them. Moft of the ancients, being of Ariftotle’s opinion, “that 
comets were only inflamed vapours, raifed, continuing, and difperfed in 
our atmofphere, took little further. notice of them than as omens, often | 
_ mentioning neither the time of ‘year, or place they were feen in; and 
-unlefs oth are known, we can neither find their orbit, nor Compare them 
with that of any known comet. Seneca indeed, and fome others whom 
he mentions, believed comets to be /afting heavenly bodies, Nat. Queft. VII. 


3 oe 22. “that multitudes ah geen. which could not be fii om account of their 7 oe 
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2 Of the Difcoveries concerning Comets. 
“nearer: end of their path, came within fight of men, Chap. 135 175 Too and 


he expected that time and pains would difcover what was then unknown, and: 


 pofterity wonder that they did not know fuch plain things, Chap. 25. In thefe 


feveral places there is a better guefs about comets, than any made for 
above fifteen hundred years afterward: and further fearch has fince con- 
firmed what he thought, that it is the excentricity of their orbits which; 
occafions their being only now and then feen, In all thofe dark ages, 
from the decline of the Roman empire to-the-Reformation, comets being 
only confidered as ominous meteors, three only have been yet found de- 
fcribed enough to determine their orbits, and thofe but in a grofs manner: 
and I think Appian was the firft, who, about 1530, began to obferve-their 


motion aftronomically; and foon found that, fo far from being within 


our air, they, having no fenfible parallax, muft needs be much further 
off than the moon: here then is the firft ftep toward finding out the true: 
nature of comets; and from that time all aftronomers have allowed their 
place to be-among,the planetary orbits, and many obfervations were made 
of their motions by, Tycho Brahe and others. ie eee 

The two comets of 1664 and 65, coming within a few months of one 
another, made many. perfons very inquifitive about them; and in Birch’s 
hiftory of the Royal Society, Vol. II. there are two remarkable gueffes, both 
read May. 23, 1666.> In page 93, are Mér. Hooke’s remarks.on Monj. Petit’s 
differtation on the nature of comets, prefented. to. the fociety fome weeks before. 
What that paper contained does. not fully appear; but Mr. Hooke faid, the 
hypothefes were very. ingenious, and fome of them not improbable, but whether 
the comets were moved in. equal fpaces of a curve line in equal [paces of time,. 
which Monf. Petit feemed inclined to believe, deferved to be further examined. 
This laft claufe is remarkable, and that paper, if ftill preferved, is worth 
fearching, to fee how near Monf, Petit was to gueffing the truth. . The 
other paper, page g1, is Mr. Hooke’s own, endeavouring: to account 
for the planet’s motions; where, having propofed the refiftance of the 
ether, he fays, the fecond caufe of infletting a direét motion into a curve may 
be from an attractive property of the body placed in the center, whereby it. 
continually endeavours to, attrac. or. drawsit to itfelf: for if fuch a principle 
be fuppofed, all the phenamena of the planets feem poffible.ta be explained, . by 
the conynon principle of mechanick motions; and poffibly the profecuting this 
Speculation may give us a true hypothefis of their motions.——By this hypothe/is 
the phenomena of the comets as well as of the planets may be folved, and the 
motion of the fecondary as well as of the primary planets: the motion alfo of 
the progreffion of the auges is very evident. This I think was much about 
the time that Sir Ifaac Newton difcovered the property ef gravity, and 
feems much like it; only Sir Ifaac, being the deeper mathematician, pro- 
fecuted the matter further, and cleared it up more fully. , 

Hevelius was too good an aftronomer, not to fee that comets were. far 


«a 


_ giftant from the earth, and in his Cometographia, Book III. p. 149—164, 
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Of the Difcoveries concerning Comets. - -4 
largely: fhews the abfurdity not only of fuppofing them in our air, but © 
even below the moon, from the vaft parallax they-would have, and the 
various places they muft needs be feen in at different times of day, as 
they rife toward the zenith, or defcend to the horizon: yet could he 
not fhake off the eftablifhed opinion that they were .meteors; but, to 
reconcile both, fuppofes comets to be vapours collected near any of the 

»~planets, whirling round about it till thrown out of the atmofphere, and 

_ then moving in a ftraight or curve line till difperfed, Book VIL. p. 3843 
that comets are not [pberical, but round and flat, p. 338; and, from the time 
they leave the planet’s atmofphere, always turn one flat fide toward the Sun, 
p- 666; and though, Book IX. p. 591—632, he calculates the places of 
feveral comets, as if moving in a ftraight line, and generally comes nearer 
the obferved place, than I fhould expeét fuch an hypothefis to do; yet he 
thinks that their courfe.is not really ftraight, p. 588; and in more largely 
treating on the fubject, fays, it is a Parabola, p: 659. It may: furprize thofe 
who have not read Hevelius, to hear that he firft faid a comet’s orbit is pa- 
rabolical, a difcovery generally attributed to Sir Ifaac Newton; and indeed 
not without reafon, for -Hevelius did but guefs it, and knew not the prin- 
ciple on which its motion depended, but it was Sir Ifaae Newton who firft 
proved it, and accounted for its motion in that curve, from that univerfal 
principle of Gravity, on which the motion of all the heavenly bodies depend. 
We may however give Hevelius: his due praife as a good aftronomer, and 
by a fhort extract from his. Cometographia, Book-1X. fhew how nearly 
he gueffed at the true motion of comets, without knowing, or even fufpect- 
ing, the real.caufe which kept them in fuch a trajectory. A comet then, 
he fays, ‘* by no means moves in a ftraight. line, but in a curve, always 
** concave toward the fun,” p. 658, that is, ‘* ia @ Parabola,” p. 659: 
this he illuftrates by ‘* the parabolick motion of projectiles,” p. 660. He 
feems ‘here to be got very near the point, yet fhews afterward he did not 
think of gravity as the caufe of a comet’s parabola: for ‘* as projectiles 
** move in a parabola, from a compound of their progreffive motion and 
6 gravity, fo comets alfo have a double motion; one the force given them 

* at leaving the planet’s atmofphere, the other not gravity, yet fomething 

«* not unlike it, by which comets turn: one of their flat fides toward the 

*¢ fun, as the center of our fyftem, p. 666, as a magnetick needle points 

*¢ toward the North, or toward.a load{tone. And .as in projectiles gravity, 

‘* fo in comets the inclination of their flat fides, turns them out of their. 

“¢ ftraight. courfe,”? as. a rudder turns about a fhip, which he had before 


** the fun,, the.more will. its. flat fide be oppofed to its motion, which will 
** not only more and more retard its {wiftnefs, but turn it out-of its ftraight 
“ courfe, p. 667.. But a comet differs from a projectile, in that a body 
** thrown up moves floweft at the vertex of its parabola, and: {wifterboth = 
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4, Of the Difcoveries concerning Comets. — 


<¢ a line from the fun is perpendicular to its path, and flower both in 


“approaching the fun and retiring from it, p. 669. If you afk whether | | 


<< 4 comet’s path is not an hyperbola,” he *¢ will not deny it: it is neither 
“¢ circle nor ellipfis, but may be any other fection of a cone, which is 
“© moft bent in the middle, and ftraighter at each end: yet is fatisfied it 
«< is rather a parabola than an hyperbola,” p. 683. Laftly, ‘* as the 
<¢ planets regard the fun as their center, fo the comets alfo obey it in their ~ 
“< way,” p. 701. We fee here that Hevelius, whether by a mere guefs at 
what he thought muft needs follow from his notion of comets being flat 
bodies, generally ftanding oblique to the path they move in, or finding 
fuch a motion to agree beft with his obfervations, came very near to what 
has fince been found to be the truth: that comets move in a parabola, 
concave toward the fun, fwifteft at the vertex, that is, when they are 
neareft the fun, and their motion perpendicular to a line from it, and that 
it is an action of the fun on comets which makes them turn out of a 
ftraight line into a curved trajectory. So far he is right, and feems got 
near the point, but is defective in not fufpecting the fun to be the parabola’s 
focus, exprefsly denying their moving in an ellipfis, and confequently 
returning again; and the doctrine of gravity being a later difcovery, he 
is forced to account for their curve another way. We may learn alfo from 
his book, that ftudies, of which we do not at firft fee the benefit, are not 
therefore always ufelefs. Hevelius made many obfervations and calcu- 
lations of the motion of comets; on which if a perfon at that time had 
faid to him, cui bono? why fo much time and pains fpent on vapours, 
which were collected yefterday, and will be difperfed to-morrow? he, own- 
ing them to be nothing elfe, could not perhaps have given any fufficient 
reafon for it: yet if he and others had not taken that pains, Sir Taac 
Newton would hardly have found out their real motion; and there is a 
field yet open for further difcoveries of future ages about them. 

Sir Haac Newton having difcovered that gravity is univerfal, and that 
a planet whofe velocity was in a cue- proportion to its gravity toward the 
fun, would revolve about it in a perfect circle; but in an ellipfis, of which 
the fun is one focus, if its motion was either fafter’ or flower; on recon- 
fidering the matter, on occafion of that remarkable comet of 1680, he 
found, that, if a body is thrown with a velocity, which is to that neceffary 
to keep it in a circle, as the /quare root of 2 to 1; the fame univerfal prin- 
ciple of gravity will make it move in a parabola, of which the fun is the 
focus: and this being found agreeable to the obferved motion of comets, 
has been fince allowed by aftronomers to be their real motion. It feems 
however not agreeable to the uniformity of the univerfe, that after a fhort 
view of the fun, they fhould be continually flying farther off, in that wide 
void beyond the planetary bounds, to creep along that dark cold region 
for millions of years; (and in lefs time than that, they could noffreach — 
any other fyftem, if the parallax of the fixed ftars be two feconds, which 
aire. 334 | | | Dr. Bradley. _ 
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Of the Difcoveries concerning Comets. 
Dr. Bradley has found it cannot exceed; ) but that they fhould rather 
revolve round the fun, in certain, though long periods: and the likenefs 
ef the elements of fome of the comets feen in different ages, make it pro- 
bable they were the fame returning again; if fo,. their trajectories are not 
really parabolas ; but they feem a kind of planets, revolving round the fun 
in fo extreamly excentrick ellipfes, that, fo far as we can fee them, they are 
not fenfibly different from parabolas, which for eafe of calculation we al- 
ways {uppofe them to be: and that their motion is almoft exa¢tly a para- 
bola, I intend to fhew particularly as to the comet of 1744, fee page 14. 
The true motion of comets being thus known, Sir Ifaac Newton applied 
himfelf to find a method, by which a comet’s orbit might be determined 
from.a courfe of obfervations; and, having attempted many ways in vain, 
hit at laft on one, which he has explained, Boook III. Prop. 41, &c. of 
his Principia, taking for his example the comet of 1680. The fame method 
Dr. Halley ufed for twenty-three more, fome accurately, others grofsly, as 
the obfervations he met with were; and feveral more have been done fince 
by others. From the likenefs of the elements, fome of thefe are fuppofed 
to be different returns of the fame comet: firft, thofe of 1531, 1607, and 
1682, with a period of 75 or 76 years, may be expected again about 1758: 
fecondly, thofe of 1532 and 1661, after a period of 128% years, may 
probably return about 1789: thirdly, the obfervations of that in 1556 were 
very grofs, and thofe in 1264 ftill more defective, fo that neither orbit can 
be fuppofed to be at all accurate, yet from their likenefs, though not 
agreeing very well, may not unlikely be the fame, and come again, after a 
period of 292 years, about 1848: laftly, the comet of 1680 was a very 
remarkable one; and as at equal intervals, 4. C. 44, 4. D. 531, and 1106, 
others were feen in fome refpects like it, feveral perfons have fuppofed 
they might be the fame, being 575 years going round the fun; yet, 
no’ obfervations being made at any of the three former times, it was 
but a guefs; and if the comet of 1106 was feen in March in Cancer, 
as the manufcript Mr. Dunthorne mentions, Phil. Tranf. XLVII. p..287, 
feems to fay, it could by no means be the fame as that of 1680, which 
cannot get beyond Faurus in March, nor be feen in Cancer after Decem- 
ber; the period therefore of that comet muft remain doubtful, till further 
hight appears. ) | 


It may be objected, that the two periods of the comet of 1682 being a 


whole year different one from the other, there is no knowing when to 
expect. it again. The difference indeed is very great, confidering how true 
the planet’s motions are found to be; yet I fear we muft not expect 
the fame regularity in a comet’s orbit as in a planet’s, they being fubject 
to many greater errors: firft, croffing all or moft of the planet’s paths, 


they may come nearer to one or other of them than any of the planets do - 
to each other, and be more affected by their mutual attraction; efpecially | 
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if near Jupiter or Saturn, the  greatnefs of which bodies, weaker power of 
the fun, flownefs of their motion, and confequent long continuance near 
one another, and direction of the comet’s path nearly toward the fun, all, 
join to make the alteration of its orbit more fenfible: 2dly, a {mall change — 
of angle will make little difference in a planet’s orbit, which is always nearly 
perpendicular to the fun; but when a comet’s path makes only five or ten 
degrees angle with a line from the fun, a little variation will bear a greater 
proportion to that {mall angle, than to 90 degrees: gdly, as a comet’s 
ereateft diftance is many times its leaft, if by a planet’s attraction the peri- 
helion is altered but a few miles, that may be greatly multiplied in the 
aphelion; and if the angle at firft is changed but one minute, it may make 
a great alteration of length, in running four times as far as Saturn, and 
back again: 4thly, there is but little difference in the velocity of a body, - 
going round the fun in one or two hundred years, and of one keeping 
a perfect parabola; fmall therefore muft be the difference of one revolv- 
ing in.75 or 76 years, efpecially if the fame power, which increafes its ve- 
locity, fhould make its perihelion diftance greater. Now the comet of 1682, 
in its defcent toward the fun, may be near Mars, but that being fmall will 
hardly affect it much; again, in going from the fun, it may pafs near Ve- 
nus, a little before it gets to the defcending node, and near the earth a little 
after it: if then one or more of thefe planets fhould be in that part of their 
orbit when the comet paffes by, they may make fome change in its motion. 
The comet of 1680 is very liable to alteration, as in its defcent it may pafs 
not remote from any of the planets, extremely near the earth, and but a 
little way from Vehus; its motion alfo being all the time almoft directly 
toward the fun, and its perihelion diftance fo. very fmall, a little change in 
its motion might make a very great one in its orbit. 
The method Sir Ifaac Newton gives, in his. Principia, is from three ob- 
fervations of a comet, at proper intervals, to find its real trajectory; and 
Book Ill. Prop. 41, he has explained in order the feveral procefles, defigned 
chiefly for conftruction, which was the way he ufed in his example of the 
comet of 1680. ‘This operofe problem Dr. David Gregory has more fully 
explained. and demonftrated, in the fifth book of his aftronomy: it may 
alfo be reduced to triangles, and calculated by numbers, which is much 
more accurate than conftruction by lines; and though confifting of about 
an hundred triangles, Dr. Halley undertook it for 24 comets, as others 
have fince for 20 more; and fome of them, by greater care or nicer 


-obfervations, to a very great degree of exactneis. Yet as a com- 


pleat lift of the triangles ufed, and feveral cautions neceflary in practice, 
are not publifhed, I have chofen to fet them down here, not generaily 
repeating the demonftrations, which Sir [aac Newton and Dr. Gregory 
have already done, but fuppofing one of thofe books at hand, to add iome 
obfervations for preventing miftakes, and fhewing how it may be reduced 


to triangles: the letters here ufed are the fame as in Sir Ifaac Newton, 


except 
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except eens: few which he had not, and are generally thofe which Dr. Gre- 
ory ufes 
te then who would codenal ate a comet’s orbit by triangles, fhould 
Grit conftruct it as true as may be by lines; for as the method. is ap- 
proximation, it is to no purpoie to calculate nicely, while the point tried 
is much wrong, as the firft guefs will moft likely bes and as the accuracy 
depends on having, in fig. 2. B near », (fee Greg. V. 18, 19.) he cannot 
at firft chufe fuch obfervations as will make it fo. Firft therefore, out of 
a fet of obfervations on a comet, chufe three fo that you guefs that interval 
of time when the comet was neareft the fun is the fhorteft, but no great 
nicety is required this firft time. On a large theet of patteboard, draw a 
circle ten inches radius for the maguus ordis ; mark the points the earth was 
in at the three times of obfervation, and call them T, ¢, and +, (fee fig. 1); 
from thefe. draw the three obferwed longitudes of the comet, TA, +B, and 
+C: on #B take any point Bs let V be the interfection of S# and Tr, 
and y the place the comet was in perpendicularly over B; make Sy?: SB. 
x R*::4V:BE, which fet off on the line S B: through E (Newton’s 
Princip. I. lemma 7.) draw A C cutting FA and +C, fo that AE: EC 
as the time between the firft and fecond ‘psctnetioniin to the time between 
the fecond and third. A and C are near enough for the firft trial, the 
curtate places of the comet in its orbit. To try how true they are, let 
TA be to the perpendicular AM, as radius to the tangent of the comet’s 
apparent latitude the firft time, and *C:CN::R: tang. of apparent lati- 
tude the laft time, and draw MN the chord of the parabolick arc MyN, 
along which. the comet moved, while the projection of the points on the 
ecliptick are A, B, C: then fay SB:Sy::SB+4BE toa fourth number, 
nearly equal to (SR, fee Greg. V. 20.) the diftance from the fun at which 
a comet would move the chord MN, in the fame time as it really did go 
the arc My N: let X be the length run by a comet at the earth’s mean 
diftance from the fun, in the time between the firft and third obfervations 
_ (Newt. Prin. UI. 40.) then “WSR: radius:: X: MP, being the length 
- a comet would go in the fare time at the height SR. If MN be equal to 
MP, the point B was taken right; but if very different, as may eafily be this 
firft time, take a new point J, find ac, and try till MN is nearly equal to 
MP. Being now near the matter, we muft be more exact: bifect the trueft 


ACinI, (lee fig. 2.) ereét a perpendicular 12= BO, draw Sz, and erect | 


Ay: if » falls on or near B, the obfervations are rightly chofen; if not, take 
one or more new obfervations, to make B as near as poffible to », and ra> 
ther between and » than otherwife, (Greg..V. 18, 19.) 

‘The circle drawn for the magnus orbis will do again, as will. T,, ¢ and.t, 
if carefully drawn as to angle and diftance, and the fame islake pal abeatis are 
ftill ufed; as alfo the three Tongitudes TA, 7B, and +C. Set off ¢B as near 
as now known, draw AC as before, bifect it in I, erect the perpendicular 
li= BA, (fee fig. 2.) compleat the rectangle 174, and » is nearly the 

vertex of the sebraie: arc AB Cs nite Y. os coroll.) but “hes 
: By urt cr 
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further corrected thus. Produce Iw to 1, fo that pn =I 3 through § 
draw n§ = 35Sz, in the line B£ take a new point E’, and if the former length 
BE is not true enough, which yet it will generally be for conftruction, a 
truer length for B E’ may be found, as direéted prefently for calculation, 
thus: a fidereal year is to the time between the firft and third obfervations, 
as the circumference of a circle to the length of the mean arc the earth 
moves in that time; the fquare of half that arc divided by twice the radius, 
is the fall of the earth in half the time: this, if now done accurately, need 
not be repeated in N°. 7 of the calculation: then SB: Sy::SB+414:SL 


and SL3?:R?xSB+41:: the fall of the earth: BE the fall of the comet. 
Through FE’ draw A’ C’, and form the rectangle [7 2’ »’, w’ is the vertex of 
the parabolick arc, (Greg. V. 1g. coroll.) and B& divides the chord very 
nearly in proportion to the times (V. 18). It remains then to try whether 
the point B was guefled right: fay then SB: Sy:: Su +47 e': SR, and 
as above find MN and MP: if they are not equal, draw GP parallel to 
C’N, then is C’G the error; take a new length #4, and repeat the procefs 
to find a new mn and mp, anderror¢g. The two figures 3, which are 
the fmall part YC G of fig. 1 and 2, fhew the two cafes of this correction, 
when C and ¢ are on the fame or oppofite fides of z; where a line drawn 
through G and g the two points of error will cut YC, that is in the point the 
comet was really over, when, by a wrong guefs at the length ¢B and #4, it 
came out C and ¢c; and fetting off A’F and @ fequal to CG and eg, the 
true point x may be in like manner found. We may now either proceed to 


calculate the orbit arithmetically, from the length of ¢B now very nearly 


known, or find the elements of the orbit by conitruction thus; (fee fig. 4.) 
two points of a parabola m and #, perpendicularly over the curtate places x 
and z, with the focus the fun, determine the whole curve: draw then xz, 
and erect two perpendiculars xm and zz, the tangents of the comet’s lati- 
tude at the firft and third obfervations, I~ and +z being the radii; S&Q 
drawn through the fun and the interfection of xz and wx, is the pofition of 
the comet’s node. ze a perpendicular let fall from z on S $8, is to =” the 
tangent of its latitude, as radius, ‘to tangent of the inclination of the orbit. 
Produce the perpendiculars xo and ze to # and #, as cofine of inclination to 
radius, which wall be in that pofition to each other, the fun and line of 
nodes, as the comet was in its orbit at the firft and third obfervations; on 
mand # (fig. 5.) with radius Sm and Sz draw two circles; a tangent to both 
circles may be drawn by the eye, or thus, bifect mz, draw a circle on that 
center pafling through m and », and fet off ms =ny=Sn—Sm, which 
produce to d and; zxd@ being parallel to my, which is perpendicular to 
both radii # and #4, touches both circles, and S* a perpendicular on it 


from S, is double the perihelion diftance: (De la Hire’s plain conicks. ) | 


Wherefore P, the bifection of Sz, is the vertex of the parabola or perihe- 
lion point, whofe pofition is determined by the angle xSP or mSP; as is 
the time the comet was there, becaufe the parabolick fpace #Sm, is to 
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the parabolick fpace mSP, as the time between the obfervations, to the 
time between the perihelion and firft obfervation. 

‘Thus are the elements of a comet’s orbit found by conftruétion ; ; Hes if 
exaétnefs.is required, lines will not do it, but the procefs muft be.reduced 
to ttiangles, and calculated by numbers. And firft fee that the obfer- 
vations are good, -or elfe be content with conftr uétion, for it is to little pur- 


pofe-to calculate nicely by uncertain data. Next try whether the times are 


rightly, chofen, by the dire¢tions already given, (fee page 7.) and, for fur- 
ther accuracy, be not content with the earth’s places as found by the tables 
of the fun, but correct them by the menftrual parallax. - The weight of the 
earth being to that of the moon as 39.788 to 1, the diftance of the moon, 
is to the diftance of the common center of gravity, as 40.788 to 1. (Newt. 
Princ. II. 37. cor. 4.and 6.) In#fig. 6. E is the earth, and M the moon, 
revolving round C theircommon center of gravity which moves regularly 
along the magnus hit ACB eae the fun S; eae at any. time the ae of 


then CSE is the required corteétion of the fan’ 5 aang and SE th real 
diftance of the earth from the fun. ‘This triangle however need not -be 
folved, the tables 1V. and V. giving the required correction in angle, and 


the length of the line ED, to be added to or fubftrafted from SC, the 
diftance of the fun as found by the common tables. As the moon has ~ 


fometimes above five degrees of latitude, and- therefore the earth is not ab- 
folutely in the plain of “the ecliptick, for perfect exactnefs that fhould be 
allowed for; but as the whole menftrual parallax is very fmall, this, which 
is but a {mall part of it, may I fuppofe be fafely neglected, Laftly, before 
calculating, draw a fet of figures fuited to the particular cafe, for no general 
rule can be given where to add and where fubftraét; the cafe I have 
drawn, and fuited the p/us and minus to, is the comet of 1742; and another 
fet of figures will fhew, whether to add or fubftra&t in that cafe. Thus 
prepared, the following is a lift of the triangles required, what_is given 
and what is fought, for fixing the due length of the lines, which determine 
the comet’s SCH: es 8 


Ne. Triang } i Given. Sought. Remaké, 


1/3T7 (ST, Sz, and TS 
JT Y7 |Tv ander TY(N% 1) and TY ¢ 


ST 7,S¢T,JSTr—STY=rTY. 
{and Tz ob —S7Y=T:zY 


‘1s #B 4B (a guefs) Sz and $ +B oo and § iS7htSB=DSz 
‘By fy perpendicularly over B {R : tang. ap. 
thee #B:By1 
SBy |SB(N°. apg ii 2) BB 7 = 00" iS [Conftruétion 
‘SB ply Sh | aie taken from the laf 


i b ena Greg.I.z5. 
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| We, |Trian. - Given. a Pree 0 ee  masadaw fy Ort 
Ye tet papi SLI: OE om Gobi 5 ingot Se apa ofa 
gS |S 75 87D and, RS ag 3) a7 SD. and 7D {pia yo SB= “DE 
Te WiU-bW:: DE: DQ ‘A H’equal and parallel to 
| [DQ 
nml|AH YAH (N°, lo}AYH and sia ah 9) |AY and ALY tTD+-HY—7Y=HD 

12 U:U+-W::HD}: HC 
13}ACH|AH, HC .and AHC ACH,CAH,|AYC--ACH-+YAC 


ae: [and AC} c ease 
14 : Upw:tU: SAC AE iorig 
rs|BES IBE(Ne, 8)BLE(=9 6°)BE4(=SDr=-ACH) B heedltislSee fig. 
'Cy65S EI SE(=SB_—BE)IEG=? AC--AB)SEI(N°. 15)/SIE and SISIE a id —§, ti? de 
r7IS Tz. |S 1, 1a (N°. 15) and S Lz Sil wae 
w8ilza jlz, 12a (N°.17)7Ta (= 90°) porn oer Te Reig aT Was Oo 
19/S Iu [ST (N°. 16) Iy and SI (=SIE-+Tas)S u Leib nies 
20j8/T y © SI, In (N°. 18) and SIn 4S I and S.4|2Sy==S7.nS1 —ISE=ySE 
: [the Suppl. of ao 
cen SB, S£ and BSE SBE ** Gres. Vi, Fic ung, 
“22 BDD |BDD'(N°. 9) DBD (—SBE)BD(=SD— SB) BD‘and DD’ LOOM 
SB:Sy7::Su-stppesh . |Greg. V.i2a sh 
—SL3:R*xSppelwi:(N: BE! 9. |BD'+-BE’=D'B’. 
F) S E°BISB, BE’ and SBE’ (N°. 21) SE’ and BSE’ 
Repeat 10-—19 to find A’ cy, SI’, I'p' and S jx" 
et) vary Dp 


neal .> ASH Y 2— BD D'(N?. 22) 


(isjat} ss (BES (N°. 22 ne 29)- gh a: Salas Dy 
(16)32]° SE (No. 25) $ B’F'—= Suppl. BE'd' | +SBE--BSE 
it Suit Sul fp Zlul:S ez 
637} 0 SB:Sy::S¢:SR- 
38|TAM R : tang. Lat. :: T A’]: A'M 
39|7 C'N R : tang. Lat.:: 7 C’: 


~-Z0/MKNIMK(=A’'C' i Sanyriper M)MKN (90° ‘ai ay / 
Staip. oo SR (NY. 37): >YRiixadao (No.7 + Greg, I, 42. and V. : 20.. 
mer a MN =MP,. M.and N are two true Pose in the comet's orbit, proceed therefore 

to N°. 89; and thence ‘find the elements ; but if not equal, take ‘a new point’, fo" thae 


i ¥ $9 M v8 ‘it 2¥e@: Ye’, and repeat, the whole procels, except ate te 2, ang 7: 


es 


i ; rl be’ MR: :A’CEC’G=A’F | 
Sr]579! tte a prcra’c’ ga’ f See. oC. t. aee 
82 cpg sy ibyten ay CHIN?, Coere (N°. 67) |¢p and pg |¥YC’— <br Mike in 
83 CGtpgi:Ca::CgCx free esecep gilt 
4} 2. 

85 f 


ns like manner find A'« TA Annee 


86] 1 x m R 4 tang. Lat.:':'T x|: + m 
B51F xin . Ri: tang. Lato: ¢xtiee fe ps | 
88h% Y ix. ¥ (ETT xe EY Y 2 and e¥ x Yexand xz} bit aed 
89|8'T x |S T, Txand. § Tx - 0 of PSxand Sx ise as] 
golS ex | Apes and Sing Gey: [72S and. SalreS—Yexs Sex, 


hoes dhe BRONTE PM % wy See fig. 4. | 


91 | | 
92|3 z QIS z(N°. 90) Q and Sx O(N%.90) |zSQandSQl+Sz—z2<$ Q= “35°. 


1 93). %-¢, |S x x, 2S¢ and S ex (= 90%), deg [Place of the Node. 
| 94ie we lee, xn and zxe (== 99°). xei%n23:R |; tang. x ex {Inclination of the Orbit. 
5|S wm |S x,-«m-and S xm (=: 90°) ° HB es 
2. 9618 Ba |) Sex, 2 and Seni go°). . ee | 
“O7|r mn Irm (N°, $8) ra (Ne bare ee ) mh ~* rose 
98/8 mn Sm, Sx and mn - rm Sp mand wSeisec fig. 5. ' 
99m ay |mn, ny (=Sa—Sm) my n (= 90 °) juny 180° 5 7 m—mny—nSP 


the nga coleiilagt Comets. Ir 

No. [Triang.} me » « Given... ., _-}. |Sought.} ~Remarks;.... 
| ~" © [Node. 
100|S 2 & $2, Ss 2 (Ne 97) Sa & -' '|n’S Q j sp As 2Ps a. Perihelion from 
1011S 29 Sa, 236, ‘and S82 (= 90") Is 9 i pcie i SP. ‘Perihelion Diltance,’ : 


; are |Parabolick {pace PSrPSm, i is to PSm, as time Sabacent the, ob- ‘Time of 
fervations, to time between the Perihelion and, firft obfervation ‘Perihelion, 


-B..The parabolick fpace may: be either taken out of the table of the parabola, or 
“calculated i in the ine manner that was done. i> ig eit on'r 


ste a 


Ne 7. Lcall Se time perahitn the fire at to SbierPidous vu; and 
hs between the fecond and third W.. Thena fidereal year. is to the whole 
time, as the circumference of the circle to the arc moved. in that time ¢ 
and the fquare of half that arc, divided by twice the radius, is the earth’s 
fall toward the fun in half the time... , 

N°. 6, 7,8. 1 find. BE this, way rather than Sir Tfaad Newton's s, which 
is only an, approximation, and irregularly too great or too ‘fmall, as he 
times are more or lefs unequally divided, and T f+, in the* more. or lef . 
curved parts, of the earth’s orbit. . But this way, if found ‘as ih N°. 23, 
24, would be true, and Sp being not yet known, I ufe'SB for it; “which. 
is very nearly the fame :, nor. is: Ty yet found, but.as the comet lias been 
already conftruéted, it is there given near enough for this procels. : 

N°..20. Since; by. Greg. V: “185; the right. line nS£=3Sn is the truth, 
full as eafy, and, requiring no taking out natural nombeérs, is lef liable to 
error, I wonder, Sir) Ifaac chofe toapproximate it by the point. oy and 
o£=3Sc4 3ia.. (See his fig. Book III. Prop. 41.) 

N aeat Ye Bee ara fs" wis Vin 215, 8HE on ale fall at. the: Height’ re is 
MV=V Z, (fee his fig.) , Now. B and « nearly. coinciding, “by” fimilar 
triangles SB: Sy(N°. 5): sy ‘Su +tsipy):SL. -Again,, ‘SL: er eG U 
(the carth’s. mean fall) : the fall atthe point, L. "Grogs I, 42.° And- by 
fimilar triangles. SL:Sy+31y:: the, fall at. L: BE; then S'L*: R? x 
Si +. 4 Tp he ry BE. this i is the true eee of we or BE, and: Roc 


wee Be: 


cool ed is Carne S. ine SR, at therefore the length fought, Sir - 
| Haac’s, ID=Sp +34 .is nearly the fame as Se; iby his TO, being the}; 2 
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comet’s mean height above the ecliptick, may if the time is unequally 
divided, and the inclination of the comet great, confiderably differ from 
the height fought at Se, which is in Sp produced : therefore, asin N°, 2 3s 
SB:Sy::Se:SR, by fimilar triangles. ~— 

N°. 38, 39. M and N being the points the comet was really in, per- 
pendicularly over A’ and Cy T At the curtate diftance, is to A’M the 
height, as radius to tang. of the apparent lavioudes et tithe fait Seen 
The like of C’N. 

N’..41. The reafon of this double proportion is bahia MN, and of 
cour A’ C’ and the. perpendicular Y¥ ¢, ‘is too large in “the propoftion of 
MN 'to MP; but MP will increafe or diminifh, as Sr S¥ is teh or greater 
than 7 Sy. Greg. I. 27. This however is very hard to find, and only an 
approximation ‘at laft. An eafier and as good a way is, to compare the 
error of the laft conftruction with the’ error now found by calculation: 
thus NP—NP the difference of the errors, is to *B—7+B the. difference 
of the guefles, as NP the prefent error, to the required correction of #B. ~ 

N°. 80, 81. Sir Ifaac Newton takes CG=N P; but as the cca en 
is in the plain of AC, not of MN, I make'G the projection of P, as C 
is of N. And if C G is not parallel to cg (fig. 3.) or Cc bears not the 
fame proportion to +C, as Aa to TA, it may make fome difference 1 in - 
the places of # and z, though feldom much. 

N°. 80, 81, 82, 84, are not wanted if AC is parallel to ac; for then 
$3 and 85 will be, NPtap:NP::Aa:An::Ce:Cz. 

Sir Ifaac Newton in his next propofition, and Dr. Gregory Ve 31; 
thew how, by the rule of falfe, to correct ftill further the comet’s orbit as 
above found: but that I have here omitted, as hoping and expecting that 
the directions I have given, being contrived to avoid all error as much 
as poffible, will give the orbit true enough without that laborious cor- 
rection, which I can hardly think is much lefs trouble than-the calculation 
of the orbit itfelf. ‘The changing the comet's parabolick orbit into its real 
elliptical one, by this correétion, thereby to difcover its period, can I doubt 
be at beft but imperfectly done, from the fmall part of the orbit we can 
fee, efpecially if fo true a parabola as the comet of 1744 had: and unlefs 
we fee a comet for a very long time, we muft be content to wait for that 
more certain, though tedious difcovery, the returning after another period. 
If any one however, defirous of the utmoft exacinefs, chufes to undertake 
this laft correction, Sir Ifaac Newton and Dr. Gregory have both explained 
and fhewn the ufe of it. 
_ As feveral perfons, efpecially of late years, have apply’d themfelves to 
finding by Sir Ifaac Newton’s method, the orbits of feveral comets, but 
the refult of their labours is no-where that I know of, collected into © 
one view, I have here made a general table of all that I have found. And 
as fince 1700 many are calculated by two perfons, I fet down both orbits, 
- not always knowing which is beft, and thinking it ufeful to preferve all, 

it ‘ to 


> a 


a 


Of the Difcoveries concerning Comtets, 13 


to be at leifure compared, either by obfervations already made, or by thofe 
who {hall fee their next returns... Some of thefe different orbits vary little, 
as that of 1744, others differ widely, as that of 1739; probably fometimes 
from defectivenefs in the obfervations one or both of the calculators. ufed. 
I found feveral difficulties in making this table, from falfe prints, and 
authors not being always careful to fet down the afcending node, having 
more than once found two perfons fet down the fame comet’s node in the 
oppofite figns,- By comparing the orbits with the obfervations, I have aimed 
to avoid miftakes, but have not met with obfervations of all of them to 
compare with, and leffer errors may efcape; if therefore the authors, or 
any one elfe, fhall find any miftake inadvertently flipped in, I fhall be 
obliged to them for an account of it, and not fail to correct it when 
Opportunity offers. See the lift in table I. oa ieee yee 
+ -The firft 7 of thefe comets, and thofe of 1593 and 1596, being but 
imperfectly obferved, can be but grofsly done; as alfo thole of 1678 and 
1702, unlefs the calculators ufed better obfervations than I have found: 
that of 1533 will by no means fuit the obfervations in Hevelius, fo that 
I fufpect fome miftake or falfe print: Struijck gives the comet of 1699 
from Caille, but makes the perihelion Jan. 2, and the afcending node in 
%, which is right I do not know, any further than that I have found Caille 
carelefsly fetting down the wrong node in other inftances : not having met 
with the obfervations, I can fay nothing of the accuracy of thofe of 1699, 
°1706, 7, 29, 43, and 48: Downes’s orbit of the comet of 1718 fuits bett, 
fo far as I have tried it, and Caille’s of 1739: none of the orbits of the 
comet of Jan. 1742 agree well with the fet of obfervations in Phil. Tranf, 
No, 481, mine, which was calculated from the obfervations there men- 
tioned of Mar. 2.and 16, and Apr. 2, agrees I think as well as any of 
' them, but generally gives the latitude too fmall, being done a good while 
ago, from a more imperfect lift of triangles than that here given in pages 
g, 10, 11: C and Struijck differ 10 degrees in the node of the comet 
of December 1742, which is probably a falfe print, but I cannot correct 
it: the comet of 1747 was feen in Auguft 1746, half a year before its 
perihelion, being then between two and three times as far from the earth as 
the fun is, and between three and four times the earth’s diftance off the 
fun; and its perihelion being above twice. the earth’s diftance, we mutt 
not expect exactnefs there: Dr. Bradley’s two comets of 1723 and 1737 
are very accurate; as is alfo Betts’s of 1744, calculated from obfervations 
made between Dec..23, 1743, and Feb. 18, 1743-4; but as it was feen 


for alittle while about two months before, when far diftant from the earth, 


and:much more from the fun, I have compared three obfervations fent me 
from Mr. Morris with Betts’s orbit, and found them to agree perfectly ; 
which proves both the truth of the elements, and that the comet’s elliptis 
was fo far at leaft infenfibly different from a parabola; or elfe thofe obier- 
ations, made four months before the perihelion, and two before the obfer- 
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vations the orbit was found by, would not. have agreed fo well: the hour 
of obfervation not being given, I have in the following table calculated for 
8° 17’ each evening. _ ery | 


Comet of 1744, feen in 1743. 


- Obfervation. © Calculation. 
Long. Lat. Long. | ° Lat. 


Ot. 2218 26.46|N. 7. 95||8 26.41 N. 7.35 
SN DAEs § . 28 $4 BF Gi. a6 
Nov. 1] 21.25 9. 26 20.25 9g. 28 


T collected thefe orbits from firft, Dr. Halley’s 24 comets, now printed 
in his aftronomical tables; fecondly, Caille’s lift in his aftronomy, art. 560, 
Robertfon’s tranflation, page 2363; thirdly, a collection by N. Struiyjck, 
Phil. Tranf. N°. 492; fourthly, feveral fingle ones, 1723, 37, 39, 44, and 
1264, from Phil. Tranf. N°. 382, 446, 461, 474, and Vol. 47, page 283, 
and Mr. G,. Whifton’s of 1718, from himfelf. The reafon of my adding 
and altering fome particulars in this table are thefe: the articles ufed in 
calculating a comet’s place are, the time of the perihelion, log. of diurnal 
motion, diftance of perihelion from node, cofine and fine of the comet’s 
inclination, place of the node, whether direct or retrograde, and log. of 
the perihelion diftance ; thefe therefore are all inferted: and fince, notwith- 
{tanding care, falfe prints will fometimes creep in, and I have met with 
difficultles from them, I aim to frame this table fo as to find them out. 
The obfervations will foon fhew whether the year of the comet is right; 
but on the fecond column I neither have, nor know how to find any check: 
the log. of the diurnal motion is found from the log. of the perihelion 
diftance, if therefore thefe articles agree together, both are probably right, 
if they do not, the natural perihelion diftance will fhew which is true: © 
the perihelion place is a fictitious thing, for its diftance from the node is 
meafured in the plain of the comet’s orbit; but that, efpecially in a very 
oblique comet, is by no means the fame number of degrees on the eclip- 
tick, except at the nodes and their perpendiculars; the only ufe therefore 
of inferting it is, by comparing that, the node, and perih. poft nod. to- 
gether, to find out any falfe print: as to the feventh column, Dr. Halley 
gave the diftance of the perihelion from the‘node, whether before or afters 
but I count the number of degrees a comet moves, from pafling its afcen- 
ing node to its perihelion, whether more or lefs than 180 degrees; this faves — 
a little trouble in computing a comet’s place, as I fhall fhew when I come 
to explain that, (fee page 18). The node, being the connexion of the plain 
of the ecliptick with the comet’s orbit, is the key of the whole work; and 
whoever calculates or collects orbits, fhould remember, that it is the a/cend- 
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ing node mutt be inferted, and the article perih. poft nod. reckoned from 
that, or elfe confufion is caufed, and the comet found in falfe latitude: 
giving the inclination of the orbit is not ftrictly neceflary, if its fine and 
cofine are but given, which prove one another: the twelfth column needs 
no explaining: and in the laft I give the calculator’s name, where I know 
it; but as Caille names no author, thofe taken only, from him are marked 
C, as I can trace them no further. 

Dr. Halley made a tablé of the parabola, for eatin a comet’s place at 
any time, printed with. his lift of orbits, and fhewed: the way of ufing it: 
he goes the direct way, for, dividing the firft quadrant of the parabola | into 
100 equal parts, he gives tne angle each is in from the vertex, and its in- 
creafe of diftance from the focus: -but the calculation’ being tedious, ana 
one fuch part altering the angle but little, at a diftance from the vertex, 
he computed every part only to 100, that is, to the Jatus rectum, and to 
every fecond, fourth part, or greater interval afterwards. This table is 240 
lines in all, but though very ufeful has fome defects ; for, being too fhort, 
the differences are often too large, and too unequal, for finding proportional 
parts truly, efpecially in the log. of the diftance; again, proportional parts 
can hardly be found at the breaks, where the interval alters from 1 to 2, 4, 
10, 20, 500, 40000, and 50000; laftly, it may however ferve as far as 
1000, that is, 144°4 from the perihelion, which is far enough for many 
comets, but thofe whofe perihelion diftance is {mall, are feen much further; 
that of 1680 goes near 162°? within four days after its perihelion, and 
may be feen to about 174°, this table therefore will by no means do for 
that. Finding thefe inconveniences, and. not caring for fo difficult a cal- 
culation as Dr. Halley’s, I thought of interlining his table by the differences, 
but found it very troublefome; ‘and being advifed to make a new table, on 
an eafier plan, to find the diftance and {pace from the angle, I confidered 
it, and found the demonftration plain, the calculation very eafy, the method 
fuch as might be carried on regularly, from beginning to end of ‘the table, 
and having finifhed it, the differences were more regular than I expected; 
for proportional parts will determine to about half a fecond, the angle the 
comet of 1680 is: in from the fun, at the greateft diftance we can fee it, 
and the log. of diftance almoft to perfect exactnefs, in any part-of the table. 
The principles of this method may be feen in fig. 7. and let R ftand for ra- 
dius, s for bs i and v for verfine. 


=ST=SR De la Hire’s plain a tee | 

Ct). Sayers Parabola, Prop, 4, cor.’ 

a PQ=PT=SC—SPme—1 

rar pant dGraripy Unee a PTT, sisi lone 
Hee’, 1s cama gre ge Prop. 9. Rear ebont ke a 
(4) SLakeeb ad diate pels Sheet ye Uv alent yikes 
ts Bn a od og Wl ane Hsia Ah LT i pap + 
(s) beg Arte :U of n Ser R or 28m y (See t, and 3.) 
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(6) Ristze: oie wey attiyy yee 
SC mP=i5PLEPOxe . 


(7) ; Sh jipas 1§PpalaPy aM Quadrature of parabola. 


2$P+P — 2 it) Re 
( ofS Pa Pet stems vii 


~ gmay be found a "bitte iy thus, uy fie. 8. 
(9) SB? =ABxVB=2Rv by fimilar srianlae4 


R 
(10) SM2= — =s7 of 3SCB 


(11) = Ee=sEs 2s before found. 


Examples of the firft method. 


Angle from aphelion 112°. 55° 65°. so’. 
Nile ©.3010300 - 0.3010300 : 
gw 0.1428248 | 9-7712991 | 
5 § & 01582052 = 1.4394 0.5297309 = 3.3863 
5  9.9642937. . 2. 99601655 
2--¢  0.5304926 237 0.7312940 55 
Ar, Comp. 8. 9.0969100 126. 9.0969100 8r 
ScuP 9:7559015 302 0.3181004 129 
wb cig 99 34 
Examples of the latter method, 
Angle rSe¢ 122°.45° | Angle RSC 61°. 10° 
2978 1g BO ; sf Hs 
R 1.297 ) 30029 | : 
SMz 0.1132346 0.5869212 
Se 9.9248161 268 9.9425171 vie 
2-—+-¢ 0.5182349 132 0.7681176 74. 
Ar. warn 85° g.0969100 —— 9.0969100 — 
etree reser: St. a aie ; weer? 112 
ScenP 9-6531950 106 0.3944659 51 


This method of calculation, by which the parabolick table, N*. Ml is 
made to every fifth minute of angle, fuppofes, as is the natural and regular 
way, that the parabolick {pace at 90 degrees. from the vertex is 1, and fo [. 
fhould have entered it in the table, had I been to choofe; but Dr. Halley 
having divided that fpace into 100 parts, and fitted the log. of diurnal 
Be a method of reckoning to Ae I have, to avoid confufion, fuited 
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my table to his, by adding two to the index of the fpace as above found. 
The log. of diftance proceeds regularly all the way, with increafing dif- 
ferences ; but one break was neceffary in the mean motion, for the log. of 
fpace is extreamly unequal near the perihelion, as is the natural fpace at a 
great diftance from its; the firft 45 degrees therefore is the natural fpace, 
and the reft. of the table its logarithm: yet no difficulty can hence arife, 
fince both are very regular where the table alters. As the differences in- 
creafe very faft toward the end of the table, No. III. fhews how near pro- 
portional parts will give a comet’s real angle and diftance: 45 degrees from 
the perihelion is tried, becaufe there the differences of the log. of mean 
motion decreafe, while thofe of the log. of diftance increafe, yet no fenfible 
error does thence arife: few comets are feen above 155 degrees, nor that of 
1680 more than about 174 degrees from the perihelion. The two firft 
columns are the angle, and true log. of mean miotion; the third is the angle 
which proportional parts would: give as anf{wering to that logarithm: for 
inftance, 7.522283 is the true log. of mean motion for 178°. 57’. 30°, but 
proportional parts would give 178°.57°.27” for it, that is 3” wrong; and 
7.523327, the, arithmetical mean between the mean motion at 178°. 55 
and 179°, would be called the log. of mean motion for 178°. 57 . 30". 
The fourth column: is the true logarithm of diftance; and the fifth what lo- 
garithm of diftance proportional parts would give, as an{wering to the true 
log. of mean motion: and though the differences increafe fo greatly toward 
the end of the table, yet as both log. of mean motion and log, of diftance 
increafe proportionally, no error is thereby caufed; and this is the cafe ufed in 
calculating acomet’s place: but if on any other occafion, the log. of diftance 
at any certain angle is required, the fixth column gives the log. of diftance 
found. by equal divifions, the feventh its error, and the eighth how much 
that point of the parabola is by this:error carried too far from the focus: 
for inftance, 2.115806 is the true log, of diftance at 169°. 57 4, by equal 
divifions 2.115813 will be found for it, which is 7 too much, and that 
point is by this means made:+s%seth part too far diftant from the focus: this 
is the greateft error between 169°. 55’ and 170°, for if tried at 169°. 56’, 
57, 58 or 59, theerror is lefs. We fee then that im the cafe of com- 
puting a comet’s place, this table will never err more than half a fecond in 
angle, (much-nicer than any orbit is known,) and in: all places gives the 
log. of diftance true. * | 

Since the velocity of a body: moving in a parabola, is to that of one 
moving in a circle, as \/ 2 to 1, (Newton’s: Princ, I. 16, cor. 7.) the pe- 
riodical time of a planet, is to the time a comet of equal perihelion diftance 
takes to go its firft quadrant, as the area of the circle = rx 3.14159; to the 
_ area of that quadrant divided by the 4/2, that is, [3 Ix SR / 23 and 


| | | > 
is therefore thus found, in/a comet whofe: perihelion. difltance is the radius 


_ Of the magnus orbis: | bs ie piece 
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~ 3.14159:24/2::365'.6%.9 012” (365-25639) :(109.61543) 1094. 145. 46.137. 


365.25639 — 2.5625978 Diurnal motion of comet 1682. Comet 1664. 

o/ 2 O.1 505150 i ag 
2 0.3010300 Log. perih. 9.765877 O.O1rO44 
uuce inser" * z 9.882939 5522 
3 O.4771212 — —- 
314159 0.4971499 Perih. fefq. 9.648816 0.016566 
9.960128 9.960128 


a 


Log. d. mot. 0.311312 9.943562 


109.61543 = 2.0398717 
100. 2 


ey 


0.9122802 = 9.9601283 Diurnal motion. 


Its diurnal motion therefore is 100, the number of parts that quadrant is 
divided into, divided by 109°. 14°. 46.13", the time it is going it; that 
is, 0.912280, whofe log. is 9.960128. Hence any other comet’s diurnal 
motion is found; for velocity is reciprocally as the fquare root of the di- 
ftance from the fun, and the fine of the angle (and therefore in fmall angles 
the angle itfelf) is reciprocally as the diftance; the apparent motion there- 
fore of a comet as feen from the fun, is reciprocally as the cube of the 
fquare root of its diftance: the velocity being the root, the diftance is the 
{quare, and the apparent motion the cube. The diurnal motion therefore, 
of which I have juft given two examples, is perih. fefq. :1::0.912280: di- 
urnal motion. . | | 
The log. of diurnal motion thus found, faves ‘the four lines ufed in find- 
ing it every time the comet’s place is computed: the log. of the time be- 
tween the comet’s perihelion and time fought (reduced to decimals of a day, 
by table VII.) added to the log. of diurnal motion, gives the log. of mean 
/motion, and if that is above 1.517428, its natural number is not wanted: 
find then in the parabolick table, N°. II. the article next below the mean 
motion fought, and fay, difference : remainder :: 300°; proportional parts : 
difference of log. of diftance : its proportional 
parts. Required the angle and log. of diftance, |378 2-577| é eth 
anfwering to 1.519782; this is above 45°.15°; |9°° 7477203 2420 
then 986:378:: 300:115::263:101; theangle |,9g 5 gq, , 
sisekore rutsel 16.55 , and the log. ef diftance Rie _ ‘oboe — aot 
0.069658. The next thing wanted is the comet’s_ °° 
angle from the node: here, that we may always find it by addition, and 
_ fave two lines in doing it by a fingle procefs, and not take it firft from the 
perihelion, and thence from the node, I vary from Dr. Halley’s method ; 
for the article perih. poft nodum is always the angle the comet moves, after 
paffing its afcending node till it comes-to the perihelion, be it more or lefs 
than 180 degrees; and ufing always the angle the comet has moved fince 
; its 
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its laft perihelion, (by taking the fupplement to 360°, of the angle found 
» by the parabolick table, if the place computed is before the comet’s peri- 
helion;) thefe two angles muft always be added together, whether the comet 
is direct or retrograde, before or after its perihelion, and in whatever part 
of the orbit its node is; and rejecting 360° if neceflary, if the angle is lefs 
_ than 180° the comet is in north latitude, if more, in fouth. The tangent 
and fine of this angle being ufed in the two next proportions, we muft ob- 
ferve, that an angle, its fupplement, and 180° more or lefs, have the fame 
fine and tangent, and that the angle reduced to the ecliptick, is always 
nearer 0, 180, or 360 degrees, than the angle from the node. So then 
R: cof. of Incl. of the orbit :: tang. of angle from node: tang. of the 
angle on the ecliptick, which added to the place of the comet’s node if 
direct, or fubftracéted if retrograde, gives the heliocentrick longitude; as 
R:5. Incl. :: 5s. of angle from node: s. of beliocentrick latitude. 


Again, the log. of the comet’s perihelion diftance, + log. of its increafed . 


diftance as above found, + cof. of heliocentrick latitude, gives the pro- 
jection of the comet’s place on the plain of the ecliptick, and the fun’s place 
and diftance from the earth being found, in the triangle SCE, fig. 10, 
are given SC, SE, and CSE, therefore the leffer fide is to the greater, 
as R »tang. of an angle, and_R: tang. of that angle — 45°: : tangent of 
half the fum : tang. of half the difference of the:two other angles; then z 
the fum + the difference being the greater, and 4 fum — ¢ difference the 
lefler angle, the comet’s geocentrick. longitude is thence known. Latftly, 
E.C:SC, that is, fine of angle at the fun: fine of angle at the earth: : tang. 
of heliocentrick latitude : tang. of geocentrick. ‘Taking out natural numbers 
being troublefome and liable to error, I avoid it as much as may be; for 
- inftance, when the fine of the heliocentrick latitude is 9.852389, which is 
above 45°.23', its cofine and tangent are wanted, but not the angle itfelf ; 
then difference of fine is to difference of tangent, as remainder of fine to 
remainder of tangent; 21: 42:: 18: 36 for the tangent, 
which is therefore 10.005847, as the cofine is 9.846542. 
In like manner let 10.261606 be the tangent of an angle 
above 61°.17.50°; then the tangent of 45° lefs, or above 
16°,17.50° is thus found, 50:78::27:42, the tangent then 
is 9.405972. 


1.699 
1.624 
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“Caille’s Comet of 1739. Barker?s Comet of Fan. 1742. 


Log. diurn, mot. 0.217546; May 174.8%.30' : 

Time 20.0556  1.302236)Perih. June 6.9.59 

20.1 .20, 
1.12 


0.130344} Feb, 184. 8b. 32” 
20.7368 1.316742] Jan. 28.14.51 


Log. mean mot. i; 519782 
Natural number ' > 
Angle A5%1O55"ls78icnyl 577 
Supplement 314-43 § |300.477|263.420 


12 
52i} 


d M be i PEEL ; af . Looney ag —— 
Perih, poft node 104.46 2334, 8 6.994h:)) 094 ) 328 £30.10 594i) a1 
Ang. from node 59. 29.39 15.060, Te OR f 204.331 61.2088 


Cof: Inclination 9.750778}: tr | 
T.ang.fromnode10.229750/c0N 
ore, ER OEY |G fe) 
Tangent ofangle 9.980528)°: 3 | 
on ecliptick . 43°.42’.58"(% 


Sine. of Inclinat. 9.9 17095 
S. ang. from node 9.93529 


S: heliog. lat. 9. 852389) FD) DO 
Helioc, lat. 
Long. TR I 2° AZ st 6” P 


Qt Hin 
Curtate diftance 9.744588] ™ x] 


Sun’s place 2. 6.55 +50 ©’s dift.a © 6194 


Earth from fun. 0,006194 
8 gs, 6°, 5 5. 50’ : 
6 


bt 49°. 17, 10” 
——— 150 Zi 2 .0%4s, 3 ——_ 
T., of ang. — 45° 9.465972 a 3 Aish shot: 8.846994) 424 
Tang. of tfum 10.051465 Efum” 48 23,13 10.7 326331238 
pass MO ee ar Giiee tL Rae gree pa, ee 
Tang. of = diff, 9-527437 sar IETR | 9.579627 64 
§. ang: at earth = -g.701147 30. 9.59 |) "9.93175 0]}167 


Tang. helioc. lat. 10,005847} » 


Cee Ce mre 


See fig. 10. 


§, ang, at fun 9.996958 
Pang. geoe. lat. 9.710036 


— Place obferved. Place obferved. 
Geocent. lat. N. 27°.9’.10” N.229.. 0" N. 16°.59.’30” N. 16°. 58° 
Long, @& 7.5.5 GS 7.6 20. 


Befides calculating a comet’s place, the parabolick table may be ufed in 
drawing any parabola. For, firft, the natural number of the log. of di- 
ftance at any angle, is the diftance of that point of the parabola from the 
focus, in parts of the focal length; thus any number of points may be fet 
off, by the angle from the vertex, and diftance from the focus. Thus the 

ih : log. 
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log. ofdiftance at 42 degrees from the vertex is 0.059697 5 its natural 
number 1.14.73 5s that point of the parabola, therefore is diftant from the 
focus about 1 + of the focal length. 

Secondly, aire procefs reduces this diftance from Smeg Wr OPT 7 


the focus, to any other known meafure: as let the 3.6. 0.556302 
focal length of a parabola be 3.6 inches; then a ) ~ 0.615999 


point 42 degrees of angle from the vertex is 4.1305 |Dift.ininches 4,130 
inches from the focus 

Thirdly, The angle ina parabola, at a great diftance from the vertex, 
alters very little; in that cafe therefore, the points may perhaps be better 
fet off, by the diftances from. the focus, and from the axis, that is, the 
Ofdindtes whith. Is.thus.tougd. Botte oy en 
ang. from vertex : : dift.. from fo-. p 170° — 9.239670 are 


cus: ordinate. And if it be thought gre Kaa. ear ogee bth Bre Ee0o! 
better, it may be done by the ordinate, | °* “78 52 aaheps ees 
and abfciffa, which is always one fo- di adaitte 
cal length lefs than the diftance from yes 5: Inches Site 
the focus. Take for inftance the | |Dift. a foc. 131.6461 473-9354] 
ordinate, diftance from) focus, and. {Abfcifla 130. eae 470.3254} 
abfciffa. at 170, degrees from the ey dak eH 
vertex, both in parts of the focal length and inches. 

Fourthly, But the bet way to draw a comet’s orbit round the fun is, 
marking the points. at wie certain interval from 
each other, as fuppofe 4, 8, 12, Ge. days. mo- 


Log. diur. mot. 0.311 312 


tion. from. the perihelion, hereby. the point. the.. Ag Says aed stop eed | 
comet is in, at, any time may quickly be. kaown. 1 | 19133724 
To: find thefe points, multiply the comet’s di- Ang. from per, 82°. 


‘Log, ditt. 0.245413 


yrnal motion by the number of days; the angle 
Log. perih.. .. « 9.765877 


in the, table correfponding to. that, is the angle it 
is from the perihelion; as the correfponding 
log. of. diftance’-+ log. of perihelion diftance, 
gives the diftance from the fun, in parts of the 
| magnus orbis. Try the comet of 1682, 40 days 
from its perihelion, . 
Fifthly,, When a comet whofe perihelion di- 

ftance is very fmall, is a great way from the | 5-358650 | 
fun, its angle fromthe perihelion, alters. very. Tes ai A. rth 333 ; 
flowly ; the points, therefore, if thought better, [7 oo coh ste eae 
may. be laid out by the diftances, from the fun |~ got con OT ee rama 4 
and from the axis, as juft now propofed in the 
third ufe. Find then the angle diftance and 
ordinate, of the comet of 1680, at 120, days 


9.011290 | 
‘Comet from fun 1.0263 ff 


‘Log. diur, mot. 3.279469 | 
(120 days . 2.079181 |, 


(2.67 08 0.426586 f 
S. of angle 8.980807 § 


9:407393 | 


from. its perihelion. . Yet if when a comet is |, _ 
Ses a lod ~ {Ordinate 0.2555 


much. further from the fun than)the earth is, its : 
| G : _ angie 


tgs 
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angle be not fet off in the magnus orbis, but on a larger concentrick circle, 
it will I believe be as well done,’ by tite, angle from oe perio pc ule 
{tance from. the fun. 

In this manner the angle, diftance and ofditiaee a ihe’ comet of 1686, end 
the angle and diftance of that of 1682, are given for every fourth day from 
the perihelion, as far as they can be feen, in table VIII. Table IX. gives 
the length. of the ab{ciffa and ordinate’ of a parabola, in parts of the focal 
length, for every tenth degree, and oftener at laft.. And table X. gives’ 
the | hourly motion of a comet, ‘dt different diftances “from the fun, (which 
is as the {quare root of its diftance,) both in parts of the earth’s mean di- 
ftance, and in miles, fuppofine the earth 77,000,000 of miles from ‘the 
fun, that is the-fun’s parallax r04-feconds; and the times which comets of 
different perihelion diftances take to go‘from their perihelion to their Jasus 
reéiums; which are to one another as the {quare’ root ot the ae 52 their. 
perihelion diftance,..as.I mentioned above in page 18. | 

Sixthly, As to the ufe of the table’ in the parabolick motion af pro- 
jectiles, fee fig. 7. The abfcilfa PQ, which is the height they rife, is 
always equal to SC—SP; that is one lefs than the diftance from the 
focus, which is given by the table: the horizontal diftance they fly, is twice’ 
the ordinate CQ: and QT (=2 P Q, that'is twice the abfciffa) is to dk 4 
(the ordinate) as radius to cot. of QC T, the angle of elevation. ~ « 

Calculating a comet’s place by a parabola, “which: is: a very regular 
figure; has no proper difficulty in its yet; being full “go lines befides the’ 
fun’s place, Fc. is tedious; therefore ‘an eafy way to conftruct:a comet’s 
place may. be very ufeful; where only a general account of a comet’s mo+ 
tion is wanted, though by ‘no‘means fufficient. where nicety is’ required, 
Seeithen fig. yg. © Onva fheet’ of pafteboard draw a circle five or ten inches 
radius for "the magnus orbis, the center of which is the fun; and the real’ 

diftance ‘of the*earth may be’ marked about the eighth degree of éach “a 
a little without the circle from = to VY, anda little within it from’ to = 
and divide the circle into figns and degrees. From the table of Hcitents! 
Ne. -mark true, both jas ‘to angles ‘and diftance, ‘the perihelion’ of the’ 
comet required: through the fan “draw ‘the axis of ‘the parabola, and by 
article 4. of the ufes of the parabolick table, (page 21) fet off the feveral 
points of the orbit, where the comet is at every fourth day’s interval, on 
on each fide of its perihelion. But as comets do not move in the plain of 
the ecliptick, on the proper angle, draw through the fun its line of nodes, 
and from the feveral points of the orbit, let fall perpendiculars upon its 
on them mark a frefh row of points, whofe diftance from the line of fiodes' 
fhall each be to their refpective perpendiculars, as the cofine of the inclina- 
tion of the comet’s orbit is to radius. ‘Thefe points, which for diftin@tion 
I make little crofies, form the curve of the projection of the comet’s orbit’ 
on the plain of the ecliptick, which is always ufed in conftructing a comet’s: 
AS and is; as Caille-fhews, art.’ 519 of! his aftronomy, itfelt alfo: er 
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rabola, yet has by no means the fame focus or pofition of axis, as the orbit 
itfelf ; as would more plainly appear, by drawing the comet of 1677. For 
better diftin€tion, the parabola itfelf is a fine ftroke; the figures are written 
on that fide of the orbit which is fartheft from the line of nodes, and con- 
fequently from the’ projection of the orbit on the ecliptick; and the titles 
of the comets, are written the fame way as the comet moves. Thus is the 
orbit of a comet made ready for ufe at any time, and its apparent place: 
may be thus found : 8s : | 
Count the days from the comet’s perihelion to the time required, and 

mark the point-in the projection of the orbit, over which the comet then 
is ; lay one edge of a parallel rule, from that point to the place of the earth 

at the fame time, and the other edge pafling through the fun, will cut the 
magnus orbis in the apparent: longitude of the comet. Again, draw two: 
right lines, cutting each other in the angle of the comet’s inclination; from 

their interfection fet off in one of them the length of the perpendicular 
from the comet’s curtate place to the line of nodes, and a perpendicular 

erected to the other is the tangent of the comet’s apparent latitude, making 
the curtate diftance of the comet from the earth the radius: Thus may 
firft, the courfe of a known comet quickly be traced, and in what part of 
the heavens to expect ‘firft to fee it, when it returns again, be found; for 
fince the period of no comet is: yet known exactly, and for the reafons 

mentioned ‘in page 5, they will not perhaps be always equal, we cannot 
fix the very month a comet will return in; and fhould therefore know: 
where to look, if it comes a little fooner or later:'than is expected. Secondly, 
when a known comet returns, one obfervation will, with this fcheme, fhew’ 
its whole future courfe; for from the earth’s place, at the time of obfer- 
vation, draw a line in the obferved longitude of the comet, this cuts the 
projection. of the comet’s orbit in the place where it then was, whether the 

latitude agrees may be’ tried as above directed; and the day’s motion 

marked on that curve, will fhew where it will be at any other time. 

Thirdly, the periods of comets may perhaps be fometimes found by: this. 
fcheme; when the obfervations are too defective to calculate the orbit by. 

For inftance, no comet feen in Auguft in «can be that of 1682, nor can 
one feen in June eafily be that of 1680, which muft be then clofe to or 

beyond the fun, but one feen in January between sz and It may; it remains 

then to try, whether the latitude, motion, and other circumftances agree 

with what might be expected of that comet, and as they agree or not, there 
is a probability. of its being the fame, or a proof that it is not. — nites 
sol have chofen-as an example of this method .of conftructing, the comet 

of. 1682, which is fhortly expected to return; and in twelve fhort tables, 

N°. X1. fuppofing its perihelion any month in the year, fhew what the 
‘apparent courfe of the comet would be, 'which are very different one from 
another,;'for as appears on view, from April to November it would move 
que? indome of the figns from Y counting forward to #5 and chiefly 
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in north Jatitude: between November and April it would be retrograde, bee’ 
tween I and ™@ counting backward, and be feen, difappear, and be feen 
again: that if feen about the beginning of fummer, being at or a little 
after its perihelion, it would make the beft fhew, and be feen the fhorteft 
time; but will make very little igure in winter. The two firft articles in 
each table, are the place about which the comet might be firft feen, if its 
perihelion fhould prove that day which is fet at the head of the table; for 
inftance, if its next perihelion fhould be Sept. 23, whether 1757 or 1758, 
then about Auguft 14 it may begin to be feen, being in 24 degrees of 0, — 
with 7 or 8 degrees north latitude. Thefe tables fhew in general how the 
_ comet would move, but in the middle of its courfe cannot be depended 
upon for a nicety; as a fmall inaccuracy may occafion great error, if the 
comet fhould crofs the magnus orbis in its defcent toward the fun about the 
middle of October, or in its afcent about the beginning of May, when it 
may move 40° ina day: fo alfo if its perihelion fhould be a week or fort- 
night different from what I have fuppofed, it may make a confiderable 
variation in its track. ‘The two known periods of this comet are indeed 
more different than one could fufpect; for the laft was not 75 years, and 
an equal interval would make its next perihelion July 25, 17573; but if 
this revolution fhould be as long as the former was, that is above 76 years, 
it cannot be till O&. 25, 1758. Yet as the reft of the elements agree fo 
well all the three times, we cannot but fuppofe them to be the fame; and 
as I can fee no principle in nature to make its period alternately longer and 
fhorter, I can refer the different intervals to nothing but thofe irregularities 
to which comet’s orbits are liable. Yet on this account I have in another 
table, N°. XIE. fhewn in what part of the heavens the comet may be ex- 
pected to. begin to be feen, in any month of the year; as fuppofe it firft 
gets near enough to be feen the beginning of July, we find that its apparent 
motion will be then direct, its place the beginning of I, the latitude north 
and increafing, and that it will come to its perihelion about a month 
afterwards. | | bin fh 
Thus I have treated of the motion of comets, the gradual difcoyvery. of 
it, the way to find their real path, and to trace it either with refpect to the 
fun or the.earth; by which means we may hope to know the times of their 
revolutions better hereafter. But of their nature and: ufes I have not ven- 
tuted to fpeak, chufing rather to, leave fuch points as are at prefent fo little, 
i may almoft fay not at all known, to thofe, if any fuch fhall hereafter be, 
who by greater light afforded them fhall be enabled to. fearch deeper intoi 
thofe hidden works of God. ‘The works of an infinite Creator are without 
number; knowledge, though fo greatly increafed of Jate, ‘has by no means: 
compleated the fearch into the works of natures frefh fubjeéts of admira- 
tion and praife will {till appear, as long as God fees fit to continue men upon 
earth, [nor can fuppofe that increafe of knowledge will then ceafe. The. 
farther we fearch into the works of God, the more inftances. of pees 
Ww 
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wifdom, and goddnefs we continually meet with. There are yet hid greater 
things than thefe be, for we have feen but a few of his works, was a wife 
remark of the fon of Syrach, when contemplating and praifing God for 
his many and wonderful works; and the fame acknowledgment we may 
ftill make. For to begin near home, multitudes of things, both inani- 
mate, plants, and animals familiar to us, were unknown in former times’ 
and great proofs of wifdom and goodnefs appear in their feveral properties, 
the plentiful provifion made for the well-being and fupport of all, and the 
fitnefs of every thing to its proper end, yet new difcoveries are continually 
made, But how greatly does our profpect enlarge, when we look on this 
world only as one fmall pare of the works of our Creator, and on every 
other planet and comet as a fcene of as many and {till various wonders! 
nor can we regard the moft diftant bodies otherwife than as multiplied 
inftances of the fame power and wifdom: how greatly then, confidered in 
this light, do she heavens declare the glory of God! | 


Thefe are thy glorious works, Parent of good 

Almighty; thine this univerfal frame. ef 

Thus wondrous fair, thyfelf how wondrous then! 
| MriTon. 


To come then to the prefent point, be hath made all things for their ufes: 
comets, which are much more. numerous than the planets, are doubilefs- 
defigned for as wife ends, yet being fo very different from them, both in 
appearance and motion, ferve probably to quite different purpofes; and 
poflibly we who inhabit a planet; can have no more idea of the defign of a 
comet, than one.who never knew any thing of hearing could have of the 


 tufe of an ear; he might juftly conclude, that fo artful a machine was not 


placed in the head for nothing, and fo may we of comets; but the real 
intention we could in neither cafe find out. .The appearance of a comet’s 
tail is very furprizing, and various have been the gueffes at the caufe of it; 
Sir Ifaac Newton’s T think as plaufible as any; yet it is much eafier to 

_ make objedtions againft any of the opinions, than to give a better. 
I mean not hereby to difcourage inquiry into the nature and ufes of 
comets; no, there is fcarce any employment better becomes a creature, 
than sistas, into any of the works of the great Creator. Yet let us not 
ftop at the difcovery of the works, but be thereby led to acknowledge the 
workmafter. Jf we are afiouifhed at their power and virtue, let us underfiand 
bow much mightier be is that made them, If we obferve the uniformity of 
that univerfal principle of gravity, let us confider the infinitenefs of that 
one God, who in fo wonderful yet hidden a manner, reftrains the amazing 
fwiftnefs of fuch vaft bodies, by a power which yet does not hinder the 
leaft creature of its proper motion. .When we fee that the fame power 
which guides thofe numberlefs, bie and immenfely diftant bodies, is yet 
es oe not 
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not unmindful of the moft minute, we muft remember, that he who re-. 
gards the good of the merely fenfitive beings, will much mere oblerve in 
every action, how we employ that reafon he has entrufted us with: that 
nothing can be concealed from him who made all things; that one con- 
{tantly employed in doing good cannot be pleafed with trifling, nor the 
‘wife with folly ; that the holy cannot but hate wickednefs, the juft abhor 
injuftice, and the merciful deteft cruelty ; and that the all-powerful maker 
and ruler of the world, muft needs in due time diftinguifh between dim that 
ferveth God, and him that ferveth him not: and above all, that no fwiftnefs 
can efeape him, who threw the aftonifhingly fwift planets and comets, and 
‘guides the {till much more impetuous light; no diftance avoid him, who is 
not confined to the entire folar fyftem, nor to thofe multitudes of others, 
of which we can but juft difcover the central bright point; that no craft 
can deceive him from whom all the wifdom in the world is derived; and | 
no power refift him, at whofe rebuke the earth trembles, and the very 
foundations of the hills fhake; nor can any greatnefs protect from him, who 
made the fimall as well as the great, and careth for all alike, and by whofe 
ftroke the greateft monarch is reduced to the fame mouldering duft as the 
loweft of his fubjeéts. . 
Again, if we admire the wifdom of God as fhewn forth in his works, 
wonder at thofe inconceivably vaft regions of light, the nebulous flars ;. 
the furprizing fingularity of faturn’s ring; and the entire diverfity of the 
comets from the planets; whofe ufes are all too far beyond our ken to 
difcover: and to come more within our own view, if we remark that 
wonderful inftin€t, by which the /wallow knoweth his appointed time; the 
careful forting of proper fruits and creatures, to all the fo various climates 
on our own earth; and the no lefs furprizing diverfity of inhabitants, al- 
lotted to fuch different mediums as air, water, earth, and ftill harder fub- 
‘ftances ; and the connecting links as it were in the chain of beings, which 
are between plants and animals, air and water creatures, beafts and birds, 
fs. let none then pretend to be wifer than God, or above being taught _ 
by him; for as we cannot but know it is our intereft to pleafe him in 
whofe power we entirely are, fo it is as certain, that none knows his will 
fo well as he does himfelf: nor can there well be a greater folly, than to. 
prefer the uncertain deductions of frail, created reafon, (which 4 or 5000 
years experience fhewed can never form a uniform fyftem of morality; 
though it could not refufe its affent, when chriftianity had explained it;) 
to the clear difeoveries, I do not fay of unauthorized human gloffes, but of 
the genuine revelations from perfect, felf-exiftent wifdom. Two extreams 
are here to be avoided; either defpifing that noble faculty, and glory of — 
man, vea/on, and refufing to fee any thing, becaufe we cannot fee every 
thing; this is flighting the gift of God, hiding our talent in the earth, and 
tends to enthufia/m: or on the other hand fo glorying in it, as to forget it 
is the gift of God, and preferring a candle to the light of the fun when — 
ee it 3 offered’ s, 
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offered; this is defpifing God himfelf, refufing to fubmit to his governance, 
and tends to atheifm. Laftly, if on a review of the whole we may juftly 
fay, the works of the Lord are great, fought out of all them that have pleafure 
therein; ic will appear from contemplating them, that there is one wife and 
greatly to be feared, the Lord fitting on his throne: and as it is plain, that the 
Lord is king, be-the people never fo impatient, fo it is as true, when we con- 
Gider his extenfive wifdom and goodnefs, that he earth may be glad thereof. 
When therefore, reflecting on the power, wifdom, and goodnefs of God, 
as fhining forth in’his mighty works, you glorify the Lord, exalt him as much 
as you can, for even yet he will far exceed ; and when you exalt him put forth all 
your firength, and be not weary, for you can never go far enough, 


[2o< TABLE I. The Elements of the Orbits of 


_ Time 6f Perihelion. — | Perih. Dift. | Log. of it. | £.D.Mo. | Place of Perih. | Per. Nod. | 


1264 44500 | 9.648360 | 0.487588 | ves 219°" ” | 122° ’ 
1337| June 2 6 25 | 40666 | 9.609236 10546274] S. 7 §9 0}. 46.22 © 
1472 ae 28 22 23 54273 | 9-734584 | 0.358252 | G 46 33 30 | 236 12 50 
1531 | Aug. 24 21 18 30] 56700 | 9.753583 Re earse mm 1.39 0] 10746 0 
1532 | O. 19 22 12 sOg10 | -0.¥06803 | 0.399924] GB 2 7 3040 O 
1533 | June 16 19 30 © 20280 9.307068 | 0.999526 27 16 338 28 oO 
1556} April zt 20 3 46390 | ebea 0.460492 8 50 103 8 0 
1577 | O&. 26 18 45 18342 9.263447 | 1.064958 } Oo 
1580 | Nov. 28 9.775450 | 0. 
158¢ | Sept. | 0.038850 | 9. | 
Ss fan. 29 3°48 57661 | 9.760882 | 0.31 308 36 10 
1593 | July 8 13 38 osgrt aon | 1.535218 12 4 45 
1596 | July 31 19 55 - 51293 9.710058 | 0.395041 | M 83 56 30 
16071 O&. 16 3 50 fae 58680 9.768490 | 0.307393 | “% 216 0 108 5 Oo 
16:8 | O& 29 12 23 37975 9.579498 | 0.590881 | V2 14 O| 286 13.0 
1652 | Nov. 2 15 40 84750 9.928140 | 0.067918 | V 28 18 40| 300 8 40 
1661 | Jan. 16 23 41 | 44851 9.651772 | 0.482470 | GS 25 58 4o} 33 28 10 
1664 | Nov 24 11 52 1.02575 £ | 0.011044 | 9.943562 | SL 10 41 25 | 310 32 35 
1665 | April 14. 5 re: 96 10649 9.027309 | 1.419164] IT 11 54 30] 150 7 30 
a672| Feb. 20 8 37 69739 9.843476 | 0.194914] B16 59 30] 109 29 © 
1677 | April 26 o 37 30 28059 9.448972 | 0.788020] 8. 17 37 5| 99 12 5 
1678 | Aug. 2 4 3 Oo} 1.23802 0.092727 | 9.821037 | “ 27 46 0]166 6 o 
1680 | Dec, 005121 | 7.787106 | 3 279409 | f 22 39 30| 350 37 30 
1682 | Sept. ; Ns 58328 9-765877 | O.311312 | M% 2 §2.45 | 108 23 45 
1683 | July Zz 50 5602z0 9-748343 6.457014 Il’ 25 29 30|° 87-53 ‘30 
1684. | May oe 10 16 96015 9.982339 | 9.986620] M 28 52 245 39° 
1686 | Sept. 6 14 33 32500 9.511883 | 0.692304 17 0 30] 86:25 50 
1698 8 16 57 69129 9.839660 | 0.200638 O S116] 4peore. 6 
1699 | Jan. 3° 8 22 744.00 9.871570 | 0.152773 | ML 2 38 6| 289 14 29 
1702 | Mar. 2 =~! 12 64590 | 9.810165 | 0.244881 | SY 18 41 34 309 15 48 
Jan. 19 4 22 42581 «| 9.629218 | 0.516301 | I 12 29 10 17 30 
yee 1 4 56 0 Oe gees ae ae 2/2025 a 25 % 
aie § Nov. 30 a 29 85974 | 9.934368 | 6.058576 | II # 54. 50) seers 
© 23 43 6| 85904 | 9.934013 | 0.059109 19 58 9| 27 7 40 
Jan.* got 14.55} L02e6g 0.010999 | 9.943629 | SY —s-«E 26 «36 6 28 50 
1718 rl 3 23°33 1.02055 0.011380 | 9.943058 1 30 Oo 7.18).0 
| 4 7 48 1.02743 OST 94 19942499 daa te "bb bak sO ogi 
1723 4Sept. 16 16 10 99365 9.999414 | 9.961007 | % 12 52 20] 331 23 40 
1729 sane 34 10 56 4.20149 0.629552] 9.015800| ~ 2240 o| 12 7 23 
12-6 35 41 | 4.06980 0.609573 | 9.045769 16:53 1 Era hy 
1737 |Jan. ig 8 20 22282 |. 9.347960 | 0.938188 | w% 25 55 O| gg 33 
1739 f June 6 959 67358 9.828388 | 0.247546] GB 12 38 40] 104 46 ae 
9 9 14 69614, |} 9.842697 | 0.196083 5 11 110 7 
(Jan. 28 4 38 76568 9.884049 | 0.134055] M 7 35 131328 3 16 
1742 |X 28 4 20 50} 976555 F | 9.883693 | 0.134589 7 33.44) 328 © If 
L 28 14 51 77005 = | 9.886523 | 0.130344 & 39 20| 328 30 10 
1742 Year 20 25 p 83501 9-921690 | 0.077593 | % 241 45{ 14 20 30 
Osi ir es 838112 | 9.923304 | 0.075172 Sik Bi at 2a FS 
1743 a t.§ 9 @1 16 18 52157 9.717313 | 0.384159] tT 6 33 521118 42: 
1744 f eb. - 8 12 22206 | ose | = SoU Oy ee OT Be Ps 2 ED 
9 8 3 Rae DS47575 | O939t4t OF a. ae eee ot PO 
, vine 20 17 40 2.10851 | 0.342128 | Og46Q36 | VP 87 2 Of] 230 16 So} 
747 17 11 44 38 | 2.29388 | 0.360571 | 9.419272 ¥O 5 41 | 226 52 464 
1748 April partes | 840664 | 9.924624 Pa ida a = 17 §1 25 
1748 jjune 7 1 24 15} Goseys {| 9.816% TO | 0.23 {Ww 6 9 24] 241 29 41} 
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| the feveral Comets hitherto calculated. 29 
Afcending Node. | Inclination. | Cof. of it. | Sine of it. | | Calculator. 


URS 19° % ”. | 362%-g0"' ” 1 9.905179 | 9.774388 ec Dunthorne, 

It S4cho2 32. 11 ©O| 9.927549 | 9.726426 etrog. | Halley, 

vp It 46 20] 5.20 ©} 9.998116 | 8.968249] Retrog. | Halley. 

S re Sgn G | 17 §6 0} 9.978370 | 9.488424| Retrog. | Halley. | 
“Tl 20 27. 01 32 36. Of 9.925545 | 9.731404 | Dire& Halley. ~ 

Q § 44 0135 49 ©]| 9.908964 | 9.767300/ Retroe. | Downes. (See p. 13.) 

M 255) 42° 04-32 927906 | 9.725521 | Direé&t | Halley. 

2S” Soe O17 as 9 984007| Retrog. | Halley. 

Vv" ‘13: / 5720 | 64° 40 9.956089 | Direct Halley. 

Oo ep ae | OO” 4 9024016] Direct Halley. 

m 15 30 40{ 29. 40 9.694712! Retrog. ey 

Mm 14 14 15 | 87- 58 9.999726 | Direct 

a) eee Par eete ike * Bz 8 | 9.914422 | Retrog. Fialley. 
1... 20: + Shoei ihe '2 9.930519 | 9.466761 | Retrog. | Halley. 

TM 16 1 Of 37 34 9.899078 | 9.785105 | Direct Halley. 


aes 
79 28 0} 9.261994 | 9 Gains 


Beenie a 6 | Direé& Halley. 
Tl 22 30 30] 32 35 50] 9.925559 | 9.731371 | Direct Halley. 
— 21 14 O| 21 18 30] 9.969247 | 9.560369| Retrog. | Halley. 
m, 18 2 ©0f 76 5 Of 9.381134} 9.987061 | Retrog. | Halley. 
we 27 30 30| 83 22 10] 9.062457} 9.997085 | Direct Halley. 
mM, 20 49 10179 3 15 | 9.278481 | 9.992026| Retrog., | Halley. 
Mm 11 40 O| 3 +4 20] 9.999375 | 8.729122} Dire&t Downes. 
Vp 2 2 O| 60 56 oo} 9.686482 | 9.941539] Direct Halley. 
B 21 16 30/17 56 of 9.978370] 9.488424] Retrog. | Halley. 
m 23 23  O| 83 11 0] 9074424 | 9.996919 | Retrog. | Halley. 
x 28 15 Of 65 48 40| 9.612515 | 9.960090 | Direct Halley. 
% 20 34 40] 31 21 40]| 9.931409 | 9.716363 | Direct Halley. 
2 27 44 15} 11 46 ©] .9.990777 | 9.309474 {| Retrog. | Halley. 
kk AR Ge CQ | Z0- To | 9.547689 | 9.971113 | Retrog. | Caille. (See p. 13.) 
™ 9g 25 I5| 4 30 ©| 9.998659 | 8.894643 | Dire& Caille. 
T ORR rr eel sy. Tai-cto [19750024 | G.914012 { Diree C. 
13 If 23/55 14 - § |.9.756039 | 9914605 | | Struijck. 
B 22 46 35488 36 of} 8.387962 | 9.999870 Direét C. 
22 50 29/88 37 40 | 8 379260 } 9.999875 ‘ Struijck. 
Dm) Ce emo ee i 2pm t00932003' 1 O. 714636 Downes. 
, 43 O|30 20 0 | 9.936062 | 9.703317 Ces C. (See p 13.) 
8 21 oO} 30 48 30] 9.933940] 9.709398 | ~ ~| Whifton. 
Y 14 16 0f49 59 Of 9.808218] 9 884148| Retrog. | Bradley. 
me TO" 32° gr 58 4 | 9:35 3126 ao eeee  Diree C, 
1Q 35 15177 I 58 | 9.351010 | 9.988781 Downes. 
m, 16 22 Of[18 20 45] 9.977346 | 9.497968} Direct Bradley 
mm 27 25. 14/55 42 44} 9.750778 | 9.917095 t Retrog Caille. (See p. 13.) 
25 18 Gs. 25 9.775240 | 9.904711 Zanotti 
ar 5) 38 ab ee 59 4) Ob pzTOCT! 99030851) aa 
. 5 Strnijck 
: 
s) 
NX 
_ 26 58 # ‘ 
OS aa eee s 27 © | 8.899432 | 9.998629 | Retrog. | Maraldi ; 
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Srom the Sun, from the Menfirual Parallax. 
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Tables IV. and V. are to be thus ufed: From the moon’s place fubftra&t the fun’s, and againft the 
remainder in table IV. is the angie CSE (fig. 6.) to be added to, or fubftracted from the fun’s place as 


found by the common tables. 


Againft the remainder in table V. is given the length of the line ED in 


parts of the earth’s mean diftance, to be added to, or fubftracted from the diftance of the earth from the 


fun, which the tables of the fun give. 
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Comet 1680. Comet 1682. 
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TABLE X. 51 
Hourly Motion of Comets. 
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3 |100 54 58|0.22289|0.07287} ae Shortt oy 
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TABLE IX. Abfeiffa and Ordinate of a Parabolal 
at different Angles from the Vertex. 
Angle| Abfciffa. | Ordinate. {: ‘Anes Abfciffa. 
10 °0,0076510.174.98).1 30° 
20 |0.03109|0.35265) 140 
30 {0.07180]0.5 3590}. ‘150 
40 |0.13247]0.72794! 160 
0.2174410.93 26011:170 
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TABLE XI. 


| Apparent Motion of the Comet of 1682, at its next Return, whatever Month 
of the Year its Perihelion happens in. 


4+ Time. 


Long. 
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Appian firft obferved comets, git 
Arifiotle’s opinion, +a 


Calculation of orbits, conftrudt firft, 7 


why altered from Sir I. Newton, 11 


Calculators of orbits, which bef, 13 


Comets do uot go to other fyftems, 4 


have no fenfible parallax, 2, 3 


how far feen from perihelion, 15 


nature and ufes unknown, 24 


of 1682, where to look for, 23. 


places to calculate, 18 

to confiruét, 23 

revolving bodies, 255 

true motion found out, 4 
Correction how to gue/s at,. 12 


Sir I. Newion’s laft why omitted, 12 


Demonjtration of parabolick table, 15 
Diurnal motion to find, ~ 18 
Ellipfis, a comet’s orbit fo, é 
Errors in parabolick table, what, 17 
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Examples of calculating a comet’s 
place, ' o 
Fall of a comet to find, 
Figures to be drawn before calculating, 9 
_. Gravity, Dr. Hooke’s thoughts of it, 2 
keeps comets in their orbits, 4 
Gueffes how to correct, | 32 
Halley’s table of parabola, defects i im, 15 


__ Hevelius’s opinion of comets, a 
| how far true, 4 
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Orbits of comets to calculate, 9 
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to-draw, 22 


truth of Betts’s proved, 1 3, 14. 
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Parabola, a comet’s orbit nearly fo, 3, 4 
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how to draw, 20, 21 
to reduce to an elli~fis, © 12 
Parabolick table how calculated, 16 
ufes of it 20, 23 
Parallax menfirual, eg 
Peribelion from node why altered, 18 
Periods of comets, | an 
to find, e 2334 
why unequal, - Cae 
Petits opinion of comets, 2 
Place of comet to calculate, 18 
Projectiles, motion of, A 
Projection of the orbit, a parabola, 22 
Proportional parts to find, 18 
Seneca’s opinion of comets, 2 
Sines and tangents to change, I 
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 Bortedtion and Improvements in BARKER’s Discoveries concerning Comets; 
‘ ‘fotind out fince it was publifhed. 


b to, 8 Ne 1 BEbLHAC 
ae 31 BE’b’=H’A’C : 
ie gay 32 SE/I'=fuppl.H’A'C’-+-fuppl. SiR 
| : . 41 for ~ Pw, read yibw x V2. 
82 HC’ —He'cp = Cp. 
83 for C’g read CG 
br Tab. VIII. 4. for 12° 26’ 46” read 12° 2.6’ 5” 
fot 6.59022 read sisgo18) 
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tf in Page 9 9 aa 10, Ne: 53 &; and 375 are not ‘Lopeedt enough, ve in 4 
j Very oblique. Comet perhaps they may not) SL N° 6, and SR N° 37, 
thay be found more correétly thus: 
Tike SB, Siz and By as folind by a former. conftruction or calculations 
and omitting N° § and 6, fay, 
Former SB! former Su :: prefent SB: : prefent Sk | 
Formet By : prefent By :: former pv i prefent ju » is the ane in the 
orbit perpendicularly over ~; and found as below: 
Then Sw : py i: R: tan g. wSy | 
Sm col, ps Re Su td jet Shir x 
_ To find jy, omit Ne 49, and having by N° 39 found KM=AC, and 
KN=CN—AM. | 
_ In the triangle SBy’, from SB, BS! Ca1Sp' Regi arts ) and SuB 
(Syl +V/A‘1’) find Be 
KM :KN:: Bu: .° By—x = pv pe 
Then Su: outst ys tg Sr ‘e 
cof. pare :Re Sp SR: 
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